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- -ABSTRACT - -

Thls report prOVLGes a chronologlcal and techn1ca1 eValuation of the
‘,suCCessful use of geothermal energy 1n San Bernardlno, Celifornla to ’

7'prov1de heatlnq ‘for ‘wastewater treatment fac11it1es.r

The annual energy cost sav1ng for the currently tested system 1s nnre
than $29 425 for the 51nqle anaerobic dlgester Tow belng heated
Expan51on of ‘the wastewater fac111ty, resulting 1n tWD addltional
dlgesters,t could result 1n three geothermal heated dlgestErs on ilne—-%

a nun1num of tWOr
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1 maoa;am‘»

, In June 1981 the San Bernardlno Municlpal Water Department completed a
"study funded by the Department of Energy entltled "Feasibility Study For.
 Wastewater Treatment Utilizing Geothermal Energy In San Bernardino";; The study
;«1nd1cated that uSe of low temperature geothermal heat for heating primary

:fanaerobic digesters Was fea51b1e. .

Following completion of ‘the fea51b111ty study, an agreement was executed
"between the California Energy Commisa10n and the Board of Water Commissioners,
City of San Bernardino, £0 1mp1ement the proJect. The State agreed to fund
90% of the proJect costs up to a maxlmum of $390 600. The prGJect was geg-
mented into the following components.‘ (1) resource conf1rmat10n and develop=-
ment, including the drilling and logging of temperature gradient wells and -

the development/acqulsltion of a production well; (2) purchase and 1nstalla—
tion of transmission and distribution facilities- (3) retroflt of heat Ex* .

' changers at the anaerobic digesters' and “(4) system testing and implementation
- of direct use of geothermal heat for the digesters.

The prDJect is complete and heating ‘one primary anaerobic digeeter. Therel
is capability and capacity n the produCtion well and tranSmission facilities to
heat two’ add1tiona1 digesters,A Annual offset of natural gas/methane to fuel
a boiler to heat one digester by utlliZLng geothermal energy is 43 800 therms;

- When all three digesters are heated with geothermal energy, the total offset
of naturdl gas/methane annual is 164, 250 therms._ The annual cost savings by
utilizing geothermal energy to heat one digester at the ‘current natural gas

cost is $29 425.” ' ' ‘




" 2 - RESOURCE CONFIRMATION AND DEVELOPMENT

2.1,,Reconnendation§for‘a'Drflling ?rogram.fj

The first phase of this project was to conduct additional studies and
field investigations to further evaluate the geothermal fesource of the area.

- The California DiV1sion of Mines and Geology conducted a geothermal assess—
ment study 1n ‘the San Bernardino area to investigate the low temperature geo=
thertial resource. The report iSSued as‘a’ result of their study entitled
"Resource Investigation of Low and Moderate Temperature Geothermal Areas in
San Bernardino, California",“identified three act1Ve designated geothermal areas
as the most likely 51tes for geothermal exploration and development. 'The South
San Bernardino area identified in the report was chosen as the area for further
kinveetigation since 1t was’ close to rhe direct use application.‘ The report
;further etates that the next phase of as5essing or developing the geothermal
resources of San Bernardino should be an exploratory drilling program, o a

deep monitoring well drilling program.'t_ﬂpeTf,4,,5e.;:3‘rﬁ

S

Republic Geothermal, Inc. was selected to develop a plan for drilling ther-
mal gradient/ohservation wells and a production well ; The report was suhmitted
in Nbvember, 1931 ‘and then amended subSequent ‘to . a meeting with representatives

“of the California Division of Mines and Geology and California Energy Commission -
in DeCember, 1981, The project ‘atea (Figure 1), identified as the South San
Bernardino Geothermal area, is one in which’ there are eeveral wells that pro=
duce waters whose temperatures range from 24 C to' 56 C., Most of these wells
are located fiear the suspected strdce of the Loma Linda fault however, ‘their
precise- relationship to the fault +as not known Meeks and'Daley #66 Well is ‘
located within the project area. The wall is a known hot water well w1th
temperature recordings ef 56° c. It WEs declded to conduct the drilling of

thermal gradient wells rather than drilling a production well immediately neari'

o the Meecks and Daley #66 Well. A,possibility existed of finding a resource

 hotter than that supplying Meeks and Daley #66 Well by exploring elong the -
' L_fault. The temperature gradient wells aléo provided lithologic and temperature
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information needed to define the geothermal reServoir, and to design 4dnd locate

future geothermal production wells.;

The thermal gradient Wells ConSlst of a 2—7/8 inch diameter steel tube
capped on the bottom, encased in cement, filled with water, and left undlsturbed
until the temperature of the water in the tube approaches equilibrium with ‘tem-

perature"n adJacent sediments” Figﬁfé”?jﬁ

f’The temperatures are meaSured to
obtain the rate of increase of temperature with increasing depth, and to define

a temperature profile which indicates zones of conductive and/or convectiVe heat

ze will permit perforating tools 1nto the well for

flow. The’ designed casing"”
later conver31on into observation wells used for monitoring reServoir be-
havior. As. part of the drilling program, self-potential ~resistivity, gamma
ray, and temperature logs for each thermal gradient well were conducted prior
to cementing in ‘the casing Th1s 1nformation, combined with drillers logs,
drill cutting analysis and hydrologic data; provides for optimum design of

production wells,?anﬂ a greater understanding of the 1locatisn of the geothermal

resource.

Sites for the thermal gradient wells were ‘recommended with the following
logistical consideratiOns in. mind'Vt“ ‘

1. .Distance £ rom the‘Wells to the waSteWater treatment plant should
_be minimized while remaining consistent with the geological ton-

straints.

2. r*Thermal gradient wells should be,drilled predominantly on the e

| west ‘side of the San- Bernardino County Flood Control District’ efi
canal to minimize the cost of crossing the canal with pipelines

from 4. production well " ‘

3. ,Thermal gradient ‘well sites shOuld be located on 1ands on which
" the San Bernardino Municipal Water Department has or can acquire
fthe right to drill, R | "
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The location of the production well to be drilled was to be determined
after reviéw of thermal gradient drilling results, geology, flow rates, and land
ownership information. The two most important factors in selecting the 51te '
are resource temperature and the attalnable flow tate.~ The ‘other varlables_
to con51der are the distance between the production well and ‘the’ wastewater
: treatment plant, and the degree’ of diffiCulty involved in - placement of trans-
mission pipeline fac1lities. ' ‘ '

'ﬁ '

‘2.2 Permits and Agreements. .

Rt -

: In order to conduct the drilling program and place thermal gradient WEIls
‘ on the nonﬂdepartment owned land, agreements were negotiated With two 1ocal
agencies.r A permit uas obtained from the San Bernardino County Flood Control
‘CDistrict granting permission to construct up to two thermal gradient wells
fon the west levee of TWln Creek Channel A.second agreement was entered 1nto
with the National Orange Show to conduct exploratory drilling for up to thrEe
thermal gradient wells.‘ Agreement could not be ‘réached for the placement of
“a production well upon National Orange Show prOperty, however, permisaion
ggranted frOm the twa agencies provided Sufficient 1and area for _optimum place-

';”ment of thermal gradient]observation Wells along or near the Loma Linda Fault.

Notices of Intent to Drill a Geothermal Resouree well ‘were submitted to

'Sithe State of California, Div151on of Oil and Geology for four thermal gradient
iwell sites in December, 1981.; Included with the notices was a copy of the
“intended drilling program for review and approval. ' - N

. L
ElnTy

A Notice of Exemption was issued in December, 1981 for the drilling of
up to five thermal gradient wells by the Division of 011 and Gas, fulfilling
the CEQA requirements for the first phase of the drilling program. ‘

‘ Reports on PropOSed Geothermal Operations for the four thermal gradient :
'?'wells were issued by the Division of Oil and Gas in February, 1982




2.3 “Selection 6f nfiiiiﬁg sbﬁffaéﬁoi.

Plans and specrfications were*developed by'Novenber, 1981 for the drill-
ing" and develcpment of up to five ‘thefrmal” gradient wells ‘o' a lump Csum’ ba31s,
Authotization: was granted from the Board of Water Comm1331oners to advertlse’
and recelve bids for the drilllng of the thermal gradient wells. Bids re-‘“'

‘ celved were opened on December 30, 1931'; A ‘review of the’ bids recéived was4
conducted by Water Department staff and representatives from Republic Geothermal,f
Inc. It was the general concenSus that the ‘lump sum bids should be reJected

and the specificatlons modified to~rece1ve1bids on a time and material ba51s,

?thereby putting more risk on ‘the Water Department to reduce the contractual

costs of drilling. The Four drilling < ntractors who bid on the prOJect re—

\lated that they were reluctantfto :
_ (2):
logs w1th1n the drilli g"are ; (3

o-f0ur condltions'

¢5) sha110w groundwa fof 1arge b0ulders't }t appear on other well

artes an pressure-’and (4) unknOWn water
temperature ’ ' * ‘
As a'result of, ,he bi s for drilllng up to f1ve

thermal gradient”wells were reject d by th‘“Board of Water Commissloners, and

authorization was granted to modify the . 1f1cations and advertise and re=

ceive bids on a tlme and materialgbasis.; Bids were received for the drilling

program again a (on February 2 1 ', the contract was awarded to McCalla Bros.,

:ln Republic Geothermal Inc. warfr tained to prov1de fleld supervi91on and

to conduct all logging and testing requirements for the thermal gradlent wells.

2.4 Drilling‘,"‘:ljog-ging";;Conpletiéno-'f :riiéfzﬁal'sraaiéntfwe‘llsv FRE

The thermal gradient4drilling‘program began March 16, 1982 and concluded
on May 11 1982 urlng that period fOur ‘thermal gradient wells were drilled
logged and cased The four wells (TG 2; TG—I TG—SA. and TG-4A) were drllled
to depths ranging from 815 to 1500 feet:j Drill cuttings were sampled at nomlnal«

ten foot intervals. In additlon, open hole 1ntervals were 1ogged for self-~'
‘,potential and resistance in TG~2 TG-I and TG—SA using a Mt, Sopris Model
leOO-C portable logging unit and, in TG-4A W1th a Gearhart-0wens unit by




Southwest Drilling Company. Under conditions in which the 1000 C tool could
not be uged holes wete  ganma ray’logged through the 2-7/8 inch tubing and

N

cement.

To -obtain’ accurate temperature meaSurements and to 1501ate thermal aqua—
_fers later 'in the project, 2= 7/8 inch capped tubing was installed in Each
hole and pressure grouted from bottom to top by Halliburton SerV1Ces.kﬁ

2.4.1 'ﬁ; Stéétiéraphic sdmmary.ée'

7 The stratigraphy of the project area, to the deptha dtilled in“the four
temperature gradientfobServation wells, comprises twv units The Tertiary
Age San Timoteo Formation and the overlying Quaternary Age Santa Ana River
alluvium, Both are’ composed of intercalated beds of unconsolidated coarse angu—
lar: Sands gravels, clays, and all gradatiOns betWeen the three. No alteration,
cementation, or graiﬁ coatings were noted.‘ Discrete beds are usually two to
ten feet thick' however,(some sands .are up - to 45 feet thick. Both the”’ alluvium
and the San Timoteo sediments were dep051ted in stream channels and on adjacent
river banks (alluvial plains)

The salient features ‘of each hole: re submittedTand attathed‘as AppendiXES
B-D. Plates II - V, shown in Appendix A depict the detailed stratigraphy and

serve” to document the impossibility of correlating beds between the thermal

gradient~wells. Figure 3 is a sttucture ontour map drawn on’ top of the San

Timoteo Formation.' “Tha " map is based on the depth to the top of the San Timoteo

Formation iﬁ each of f8ur gradient holes drilled,‘indicating that the San Tlmoteo

'Formation dips about 7 degrees to the west in this area.

2.4.2 Géoiog-’ic'f?str'ucéture- and Distribtion of Thermal Waters.

C The relative u’ onsolidated nature of the rOcks penetrated by the four ~
*wells, together With their origin within braided stream ehannels whose courses

. . often ghift 4n time and in- space, create n-situation’ wherein gt is almost

g,ﬂimpUSSible to accurately determine the attitude of ‘the sediments.  The incom-
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petence of these units precludes the direct detection of faults that transect

: Vthese faults 1ntersect the northWest-trending Loma Lindaé

7z
B

of the Meeks & Daley #66 well~r This fault 1ntersect10n probably prov1des a ;
'high" permeability path that‘aIIOWS the warm thermal fluids to rlse to shallow

depths or even‘to the surfade aa suggested by the name Warm Creek This theory

is supported by the temperature distribution of fluids encountered in existing
water wells that, southeastward along most of the Loma Linda fault in this" area,
become much’ cooler than those flowing fromfthe Meeks & Daley #66 ' The exceptlon

to this trend 1s in an area to the southeast of the Wastewater Treatment Plant,

on the- golf course iwhere the well water temperatures are also high (well #81

51 C) This Eactisuggests the presence of a second fault orthogonally intersecting :
the Loma Linda fault and creating condults for upward percolation of hotter |

L twaters.

Simultaneous anaIYses of the temperature profiles and the: 11tholog1es

g

i recorded in the gradient holes (Plates/IIaV) show that there are saveral ;
* discrete aquifers having different temperatures ‘at varying depths within bOth

" the alluV1uM‘and the San Timoteo Formation ;Figure 4 1s a map of “the maximum

( temperatures measnred 1n themfour gradient holes and 1n the Meeks & Daley #66,
?-contoured without regard to depth The contour pattern confirms that tem=-

4 peratures ‘déerease to the southeast and east away from the Meeks & Daley #66
! and TG-2 area.,qwkw* R o ' 2

{ area of the Loma Linda*and Warm Creek fault 1ntersection and then floWlng into
{ a number of separate ‘cold water aquifers in varying amounts. The variable:ﬁ

i mixing rates, permeabilities of ‘the aquifers, and - rates of water movement within

" each aquifer account “fot the Variable temperature distribution e
ieeast of the source area near Meeks & Daley #66. -

100
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The Loma Linda fault apparently acts as an aquiclude along its strike
and may deflect ‘the’ thermal waters toward the east and southeast, Th1s
is supported by available water well data that show that there is no. apparent

thermal plume Spllllng across the fault to the west. . fsumgm_,ﬁ*wns

,:p2.4;3;pyifaydfoiogyfpf}ihernaliwatefs;,,pz,;wmxyc_p

AnalySes of both the stratigraphic and temperature data lead to aucon— -
fclusion that the distribution of thermal waters in the project ared is controlled
.primarily by the location of the Loma Llnda fault and by its intersection(s)
with at 1east one (and probably two) northeast-striking fault(s) Of secon—
_dary 1mportance is, of course, the distribution of permeable horizons adjacent
‘to and tranSected by the Loma Linda fault.rpf

As has been previously noted TG—2 appears to be located near a thermal
water upwelling site that may ex1st at- the Junction of the Loma Linda and Warm
Creek faults. Warn (56 C) waters tapped in the Meeks and Daley #66 and in
TG-2 tend ro flow southeastward along the semipermeable to 1mpermeable boun-
dary created by the Loma Linda fault.l They were encountered at Varying depths
in TG-5, TG—&A, and TG~ 1, and at varylng temperatures, all of which were

cooler thatt 56° C.

it appearS'then1that“theuuaters"tappéd'iﬁ”the'latter'three‘wélls were
mixed to varying degrees with nonthermal waters that saturate both the aliu~
vium and the San Tlmoteo sediments in areas awvay from the Loma Linda fault.

The hydrothermal system in’ the - progect ‘area is more complicated than was
1nitially suspected so that with the 1imited factual information ‘available,
conclusions can be drawm’ only on broad hydrOIOgic principals. Nevertheless,'
the. system described above is consistent with the data ‘recorded. and sound
decisions can: be made concerning the best site for the production well.




2.4.4 " “Heconeriddtions for Produdtion Well. =

Eased upon the results obtained from the thermal gradient well drllllng
program, the. recommended Eite for drilling a productlon ‘well was '~ 250 feet

northWest of Meeks and Daley #66. .. This' location was selected to be ‘the most ‘cost

effective w1th regard ‘to resOurce temperature and IOglstlcs of the transm1591onﬁ

plpe from the well 51te to the’ WastEWater Treatment Plant., The pllOt hole

ant101pated temperature Bf the resources Was 56 C (133 F) or sllghtly‘hlgher.

+ : b
An alternate site - 20 feet north o -TC—2‘was selected 1f access could not

be galned to the primary site. The antic1pated resource temperature at ‘the

alternate 31te was 56 c or higher. ‘;»x::




T3 AC;QIﬁSITIfoN oF '?Rdjjucrmﬁ WELL AND :Nsmmndu :o'"r" TRANSMTSSION LINES

. \f With the drilling program cOmplete and the optimum 1ocation of a- produc—
;tion well known, the next objective was to acquire the right to drill a pro— |
{duction WEll on the proposed well site. The property is owned by the National ;Lh
%Orange Show., PreVious agreement had been reached with the Board of Directors o

Zfor the National Orange Show for® the drilling of up “to’ three ‘thermal gradient/

%obServation yells.f Numerous delays were encountered in trying to reach an -
iagreement withéthe National Orange Show for use of their property.\ With the
';fdelays encountered an alternate site for placement of a production Well was
i;selected The site, located - 250 féet west of'Meeks and Daley #66 on pro-
”i}perty adjacent to- Warm Creek Channel ‘1s OWned by the San Bernardino County
" Flood - Control District. A permit was granted by the District for ‘the con-

struction of 2 well and’ appurtenant facilities in September, 1982 for a twenty

' .year - period.w By obtaining the uSe of this site, the only obstacle-that re-r*r~~‘¥w

mained was obtaining a pipeline easement from the well site toAArrowhead Avenue

“ on’ property owned by "the National Orange Show.:?"

3.1 Acquisitioniof Prodﬁction7Well.*: xl-‘

Contact with Meeks and Daley Water‘Companyrhadibeen made at the etart of
the project to determine if there was a possibility of acquiring‘Meeks and
Daley #66. At the time, they were ‘ot interested dn selling Heeks ‘and Daley
#66.‘ It was also anticipated that the drilling program w0u1d 1ocate a resource

with a higher temperature.

With the results of the resource confirmation program and delays in ob-
taining rights ‘to’ drill a production well dn National Orange Show property,
contact was made again with'Meeks and Daley Water Company for the acquisition
of Meeks and Daley #66 well. Negotiations began in August, 1982 and agreement
was reached in November, 1982 for the acquisition of‘Meeks and Daley #66 and an
area arOund the well. to connect 1t to the Slte obtained from the San Bernardino
: :COunty Flood Control District. The total acquisition cost for the well and plot
";of Land was $40,000 (Figure 5). . © -
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Meeks and Daley #66 was drilled by cahle tool 1n 1966 to a total depth of

975 feet according to the rilling log (Table 1) Th ‘proposed uee of ‘the
well was for domestic and irrigation watér.: The well nas backfilled from 700
'feet to 975 feet apparently in an effort to seal off strata containing ‘ele-
‘ vated boron. The well was cased thrOughout the depth of the hole with 20~1inch
diameter 6 gauge casing perforated at all hot and cold water hearing strata,
using a Mills Mechanical RnifeVW1th a 21 inch by 3/8 1nch blade.‘

3.2 Rework”ofjneékéiand‘na yiﬁséigga‘

Upon entering escrow forﬂthe‘purchase ofAMeeks and Daley #66, authoriza-

tion was granted by Meek” Daley Water Company for the Water Department to

remove the existing pumping equipment, bail the‘well and set equipment to

- ponduet carbon diokide vap‘riprESsure testing;“

‘ The last week of December_\lQBz the’eXlStlng equipment was pulled from
" the well and the well was then bailed to a total depth of 945 feet from 857
‘feet.’ The carbon dioxide release test Was hen conducted on’ the well by setting
a 35 gpm, 100 psi submersible pump 80 feet into the*well which was flowing in

excess of 1 000 gpm.; The preliminary findings indicate a carbon dioxide vapor

E

pressure of 8 to 9 psi

In Jenuary,k1983 flow tests were conducted ‘on the Well :

duct the flow and temperature teste, a valved 12 inch diameter pipe wag 1nserted
in the 20- inch diameter well casing and a well seal kit Wﬂs inflated £6 con-
trol the artesian flows._ ReSults ‘of the first flow and temperature tests are
~displayed on Table 3. The temperature remained at 55°¢C at flows varying from
500 ‘gpm up to 2 500 gpm. ' ‘ ’

. iﬂi6,;if'u




STATE #E-96bb TABLE T

H!EKS IND DALEY UITEI CDHPANY

60 O feet Uest of Arrowhead Avenue - 90 O feet North of Central Avenue

20 Inches._6 Gage Cas-ng - Double o
875 Feet Lo T
H-iHay. 1966 - A D
< R. & H. Dr|l||ng, !nc.;;;

‘m,;oiameter)i

) fﬁDepth s

Ems Dl"i] led -t
. Orilled by

;and and gravel ,
clay - v '
“blue’ sllt and sand f?m“fn QR e
7 gravel and fock - up-to & lnches

" .- blue glay and gravel

_sma!l gravei ;~;g;, CLe s
,.hrown clay and gravel
‘sand ‘and ‘gravel .- v T
.brown clay and gravel © - o
“blue clay and sand wi th streaks o

O blue elay L

7 _brown sand, fane,wq~a

blue fine sand tight

. cblue clay with grave1 streaks.

o blue sandy elay :

" ‘cemented sand ard gravel

Plue 'sandy elay:: g ey L
. blue sandy clay wlth gravel L

“brevn sand and gravei T
i brown sand and gravel ~up to o inches ©
: . brown sandy clay ‘

" ‘black sticky c!ay

bLrown clay - Wy

ray sand and gravel - up to h inches
tight sand,’ smal!<grave! ‘brown'clay
/2ight sand and small gravel = ...
- silt, fine sand with blue clay I
féemented sand and pea gravel: ,
'tight sand and smail gravel ;;;vuhw~
- sand and gravel - up to Mk 1nches
.'sand ‘and gravel ‘= t:ght.‘c1ean
~ .sand, pea gravel = tight with clay
_sand and gravel, small
-~4and and gravel and rocks
. sand, silt with streaks of clay .
fﬁbrown nnd blue ciay r;‘ ‘ o

- ‘ ; {DrillerfsﬁLog from Meeks and Daley Well
= Q“fow\~w:;.ifff??uo 66 -

411?1f55~~ 




| TABLE 2

,ffThermal Survey Data from Meeks and« )
Daley Well No.-GG* )

JVEFlow-,f

. 8fsdpm 0
(Artesian) 3 EEREE

”4lgTemperature at outflow."”§5°é“f
’ B 131°F

“Fleld pH x; Vg,‘,k[}; 7 o ,]L'

"eremperature at depth 20 ft. B3 1‘C‘: R

/”‘ - | f‘ﬂ._ _ 145 §°F
160 ft. 583,00
LA 145 4°F .

. thermal Gfadiéhi:'?tix<

Lo P

20 - 160 £t 5'.07°C/100 fe. |
pi *"'“f..lz-rflao ft;;fwf

*From analySLs performed by Geothermal Surveys, Inc.‘
Ain May 1980.5_ w L




. TABLE 3. .

| TEMPERATURE AND FLOW TEST

MEEKS & DALEY #66

January s, 1983 ;;,;f,'py,-~

Flow
Rate

- 500

1,000

1,500

2,000

2,500

Static Stert:

pH

Temperature ( F)
Pressure (psi)
pH

Temperature ( F)

Presstre (psi)
pH

Temperature ( F)

Pressure (psi)

Temperatute‘(oF) -

Pressure (psi) ..

pH ) } ",:,,,,‘ Lo . . ):7,5«.’,:-73 e

Start Temperature:

| Time .to sand surge.lf?ﬁ
Weéll Seal Bag Pressure:

{ Start Time:
| Finish Time:-

Temperature  (°F) - e«ﬁizi;00¥1
Pressure (psi) ‘ 4

. 130.60
- 10.50 -
- 8.25

130,70
“'Hs.ooa
v, 8,30

131;205

;131 00

Pressure:

. MINUTES AT FLOW RATES

‘8. 25 ; a 30

128.00 - +129.00
11,75 11.75

':129;90‘?«;29 .80 129,90 ..
710,00 ¢ . 10,00 10.00
'8.25 825 8.3

*;131 00 ‘7131.00?;131;00z"

‘8. 50 = 8.50 8-50

EEERERET - 11 -7

7131.00 '131.00

- 6.75 6.75
8. azw; ‘

131107
8 Bz'xfe;s;}ﬁff’

‘1131 ooff
4.50  4.50
7886 <.

ti31"00*'
4.50
8.8

- 4,50

a .88 ‘8. 86

12.5 gsi
110.0 °F
2.5 Hours
26,0 psi- ,
10,30 a.m, - - -
2:45 p.m.

8.25 .
" 10.00
8 62

Grae.

131.00

130.90 - 130.90

131200

11.75
18.30

130,00
.10.00

8.62

131,00
~i8,50

8.50
~B.62

131.00

6.75

. 8.B2
© 130.90




Temperature‘profiles for MEeks and Daley #66 are disPlayed on- Figure 6.
Because the well was flowing, the temperature curve is relatively flat. - The
“highest temperature recorded ‘was 59 C at” a depth ‘of 825 ‘feet. More,recent.tempera-

ture profiles were conducted and are dlsplayed in Appendix F. ;

Subsequent to the initial tests performed, the' well head was reequipped
to allow for total shut off of the- Well. A blind flange was instdlled.on top

. of’ the casing"nd three gate’ valves on the 20-inch casing to allow for controlled
flowa to'the treatment plant; discharge to the Flood Control Channel and a

valve for an additional transmission 1ine c0nnect10n.-.r

3.3 Transmission Pipeline Installation..

In June, 1983, contact was made- with variOus Suppliers of insulated pipe

to obtain a better working knbwledge of the various products ‘and estimated costs.
After review of the ‘products and 1iterature, formal epecifications were de-
veloped for furnishing 4400 feet of 8—1nch 1nsu1ated pipe. o ‘§ f

DESIGN CRITERIA FOR DETERMINING PIPE DIAMETER

‘-_2 milliOn gallon capacity.

Maximum day heat requirement per digesrer.¢ 1 5 X 106 Btu s.lfi;:"'

Number of digesters to be heated

Flow requirement based on an exchange fﬁ of 16 F., 500 gpm.>

Distance from well to digester.l 4200 feet.f?

Coefficient of roughness for epoxy—lined pipe'TIBO(c) 4' ?,
Maximum acceptable head 1oss 4in &200 feet of pipeline.: 25 feet.~

;Maximum allowable heat loss @ 500 gpm , 1 F 1n 4200 Feet. . ; S




e

" mve

Oz.oo

IR ‘_,,Mp-ou:o....&,

>-§

, >- ]

B |

x\ﬁu‘k}“\ﬁkbﬁ .Nb\\ukk\h«\n\\&\un
9 TIIY \Naw\m SIIW

] ANavavea0 vaUYmM TYIOINAN oz.nﬁzmwm,:«a

T

FICLRE 6

oo

. o
e ———

-
—
-

H ..rlllIli.‘Jl.k%

0

DAV Tt FIXA 57 2T~ E8 s GF ALy .

A AETE pronre 1O TIIW E RS ST AW
, 2 LOHL

26 T gs T Zf k.1 o¢

{NNA\Q‘&.S&

S - |t




vl

A contract was awarded in February,‘1983 to Thermal Pipe System, Ine. for

4&00 feet of 8—1nch inside diameter epoxy-lined preinsulated and cased pressure

pipe manufastured by JohnsJMansville Corporation. The core pipe 15 Class 150
Asbestos Cement preSSure plpe w1th a Class 1500 Asbestos Cement sewer pipe

cas1ng. The pipe has ring-tite JOlnts allowing for fast and slmple installation.

, ;rW1th1n two weeks of contract award :the pipe ‘was delivered by the ‘sup-
plier.: To facilitate the 1nstallat1on, the Water Department scheduled two crews
for the pro;ect. Orie crew started- at the heat exchangers located at the Waste-

fwater Treatment Plant and the other ctew started at the well 51te. InStallation
fof the pipeline within the Treatment Plant property took longer than planted
idue to a high groundwater table and the large number of undergrOund pipes Within

the transmission- pipeline route.A Thirty*two underground utility 1ines were
encountered, andithe groundwater table was within three feet of the surface.
Air release valves Were installed along fhe pipeline ‘to preVent air locking
caused by carbon diOX1de vapor release from the geothermal fluld A coaxial
cable was installed W1thin the same plpeline trench, from the heat exchanger to
the well for 1nstrumentation and controls. The pipel1ne 1nsta11ation was com-

B

pleted the first week of Aprll 1983

The pipeline route is located‘along the western edge of Arrowhead Avenue.
The route is located within the right—of~Way but off of the paVed ‘area to avoid
the cost of repaving the street and to’ reduce conflict with ‘the numbet of

underground utilities “In the area.”fA utility easement was obtained for the
area between Orange Show Road and’ the Wastewater Ireatment Plant property to
provide the most: direct route for the transmlssiOn pipeline. Figure 7 dig-

plays the pipeline route.
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4 - SYSTEM DESIGN, TESTING, START-UP

tonstruction act1v1t1es for the project were completed to a

et he system could be tested by April 3 1983 Official dedication |

IEVel where

caremonles we :conducted on April 5, 1983 by the Board of Water Comm1531oners.
The system Was designed with the capabilitie"\of heating upto- three 2 million
gallon anaerobic digesters./ The phase completed 1s heating one of the’ 2'million .

ugallon digesters.

S ;lA plping ahd instrumentation dlagram appears as Figure 8 for heating one
'.1anaerob1c digester with geothermal f1u1d from Meeks and Daley #66. The sym=
bols used for the diagram are 1dentified in Table 5 k -

4.1.1 Heat Exchariger.

The preliminary de51gnfforjheat1ng the anaerobic digester with geo~
‘thermal fluids at 145 F required a 200 square foot epiral plate heat exchanger.
This design transfers 1 5 million Btu s/hr of heat to digester sludge.

‘ When the aCtual temperature of theiresource was‘known, contact ‘was made
with the’ manufacturer of the exlsting Spiral plate heat’ exchanger to determine
if it could be ‘used. The existing heat exchanger is a Model 160H sPiral Sludge
Heat Exchanger manufactured by‘Alfa—Laval

';j Representatives from Alfa-Laval indicated that the ex1st1ng sludge heat
‘exchanger could utillze the 134 F geothermal fluld to heat the sludge ‘from the
xidlgesters.~ A very important criteria evaluated 1n utilizlng the geothermal
”fluid in ‘the existing heat exchanger was the quality of ‘the geothermal fluid.
An ana1y31s was performed with the results displayed on Table 6. The £luid
“ame or ‘bétter quality than the treated water used in the boiler ,

L‘was of the

ﬁrsystem, therefore,,lt'was determined that 1t would not foul or clog the heat

)

4¢;exchanger.'




o 1A

da , R nwaoEQ

. mzoz D
"~ "ON ‘0D >¢ uusuu:u A 2335

e mmﬁmmonn onomm¢z¢ mzc mo uzuh¢m=q
\.A£ZMdmhomu = HYHOVIQ ‘NOILVINIHNULSNI ONV ONIJId -

ANINLEYAIA YILVM TYAIOINN ONIGHYNUIS NYS.

9

2ol % da1ee81q
= F e pyqoaaruy |
] ma\n,mcaumﬁum |
b
_\.L.,J
.

’ill‘ll-“\.

FIGURE 8

o e
E g

S Hsaummm ummau:uxm
ummmxumaﬂom wcwum«um Eoum\OHu

e

S0 hagpor a«.,,
| .uEBm (IEERETN
A R , 21sd Q01 =-q -
B O T nwnza 23874 TeITds) -
S el e - ~ 5 Ja3ueyoxy sy -
*m _mwvzam\AmEuuauomuAm

iy

{ontd @8amvyodsiq
Emm com - cc« .Auﬁumamu dung

gy c@a ‘Aateq pue syoaN
Lo ﬁﬂmz doﬂuusvoam
P . B

i
<
I
1

mmmuoam u:mHm
bt ¢ *)ayoaissay’

umumz aumﬁuuuh_ ms £

:1 281eyosyg

dy ¢7

25




. KEY TO DRAVING SYMBOLS . ..

e vave
xGloBé.ﬁéi;g {f;~5'

‘Well Pump Motor

i

 Locally Mounted Temperature Gauge -

Loeally Motnted Flow Ind 1cataff'toltaiiéer |

EOOOOIIX®

acep ;AébéStoéyﬁéﬁénE ?réésqre‘?ipel
" pye  Schedule 200 Py Pipe -

—=  coaxial Cable

' Instrumentation Cont?oi*?aﬁél

 Locally Mounted Pressute Gauge .



ANALYSTS OF WATER SAMPLES FROM THE MEEKS AND DALEY WELL NO. 66 -

EDWARD S BABCOCK AND SONS INC

TESTED JANUARY 1983

Calcium - - mg/l . ' 9 : ‘ o
"~ Magnesium - gl R IR ISR
- Carbonate = - S mgll T T R
- Bicarbonate = Comg/l -. - BB

Boron . L Camgd e ' iz

. Irom . ©oomgll W02
" ‘Chloride - - .omg/l . B2 .

Sulfate = g gl e .

Nitrate . -

_ Total® Disolved Residue

' Total Hardness' as: .-

ca C03
“pH

Floride




The existing heat exchanger is a 150 square feet 'sludge type"uspiral
heat exchanger fabricated of 1/4 1nch carbon steel The original design cri-

teria are listed below'

@ﬁféﬁmdﬁg'mwhuf"ﬁﬂiki{-f
Capacity Btu/Hr ﬂ “ffr,ﬂnjhrnrtffﬂ_ﬂg[ 1 530 000 ;
Flow GBM = - ol el et Lno3060 1306
Tolet Temperatute F- 0 .80 T gss
Outlet Temperature F . e B0 145

Pressure drop in feet of water o1 6

Water Department staff conducted flow. tests'é utillizing the gie'othernal’fldid
to determine if the - existing heat exchanger would work. The average requirement
for the east digester during‘the test period was 700 000" Btu 5 per hour. . The
maximum heat’ requirement is- 1 5 million Btu g per Hour.” Testing was “eotiducted
under two conditions. The'first" te5t was cnnducted when ‘the well was flowing !
artesian with & maximum flow rate bf 165 gpm. Results ‘of ‘the test are displayed
on Table 7. A second test was conducted after a pump was 1nsta11ed on Meeks £
and Daley #66 well. Results of the test are displayed on Table 8. Test resultsi
1ndicate ‘the existing heat exchanger 1s Sufficient to transfer the required :

i

heat from the‘geothermal‘fluid to the‘sludge,;

4.1.2 Pump and :Motor"- Meeks and ’néié'y #66.

‘e‘,'

Meeks- and Daley #66 aCQuired in January, 1983, has been and continues to
flow artesian.j The rate of flow has been as high as’ 3,000 gpm during the
winter months when most other wells in the artesian pressure zone are not
operating During April 1983, the well deVeloped a static pressure of 20 psi,
With this condition, Sufficient flow and pressure existed 'to utilize the geoﬁ
thermal energy withOut pumping.n Other wells in the V1cinity were turned on as
the demand for water 1ncreased and the artesian flow decreased to lesa than
1,000 gpm with 4 to- 5 psi vesidual pressure.< ‘This oondition does nOt permit
rgravity‘flow use ‘of the- geothermal energy at the Wasrewater Treatment Plant.

28



__TABLE 7
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TABLE 8

" {BTU/HOUR TRANSFER| -
|TO SLUDGE -
X 1 MILLION -

1 -2
1.6

| BTU/HOUR REMOVAL /| -
| FROM GEOTHERMAL
4% 1 MmLToN -

2 fre |

‘{12& ‘!!‘u

GEOTHERMAL 'mte' 1
(our) F ,

136
136°

chmg:RMAL Tm" |

(IN)

350
400,

GEO‘I'HERMAL FLOW'
oM A

?fGEOTHEkﬁAt‘FLUIﬁ'DA&ﬁ7f gf7{; :5

350

swncs mepgp S -2 -5
GPM 1 et TR

8
- )9 ov

108°
108°°
'109°

j snmce TEMP Lol B

sumcz 'rmP*l S

160°
100°
100°

FLOW TEST ON EAST DIGESTER
HEAT EXCHANGE
Kugust 11, 1983 = Mike Lowe

'MEEKS AND DALEY #66 WELL PIMPED -

12,71
12.71

:SLunaz*rwupf

| _TOTAL HEAD

mscmcn HEAD

t
§
=t
32.34

S‘Luﬁcg"?‘mﬁ ;

SUGE 7 m;p' BRI
SUCTION, HEAD —

19.63
19.63
19.63

SLUDGE' PUMP
RPM . C

650
| 650
650

- TEST " 0': - N e
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Spec1f1cat10ns were developed to furnish and 1nstall pumping equlpment for
- the well. A 500 gpm pump was specifled w1th a depth setting of 100 feet. The
‘:specifications required an overali pump efficlency of 707 ‘with a total dynamlc 7
" head (TDH) of 120 feet. .. Informal bids wére’ received and a tontract awarded for
;'1nstallat10n of a ?eabody Floway vertical turbine pump with a vertlcal hollbw

‘ ‘ghaft 25 hp motor.  The column assembly 15 100 feet with a i:hrea stage 10 DOL

: Peabody Floway bowl assembly.~ﬂi_ : : E

' 4.1.3 Disposal of Geothermal Fluid.

‘ The method for disposal of the geothermal fluids after use was a- deter-
‘mination that had to be made after the quality of the resource was known Water

" chemical” quality samples “taken from Meeks ‘and Daley #66 Well diSplayed on

;'Table 6, were submitted to John Carollo Engineers to determine 1f the geothermal

; fluid could be safely added to the plant tertiary treated effluent without 7

| uiolating established discharge atandards.g The analysis concluded that a 5 t 1

: dilution of geothermal water m.th treated effluent would ‘make the geothe‘rmal

f water au1tab1e for 1rr1gat10n. The major chemical constituents in the geo~‘

; thermal water that prevent. ditEct 1rrigation use” are SOdium, chloride and boron.

f Blending the geOthermal water with the treated tertiary effluent redute the con-

:‘stituents to w1th1n acceptable levels.

Based on’ the results of the analysis, the method of discharge selected was
; to install a six 1nch pipellne from ‘the heat exchanger to the tertiary reserv01r
f”and utilize the stripped geothermal water for 1n-plant use. The Wastewater
g’Treatment Plant utilizes tertlary water for irrigation, uashdown water, and _

: engine cooling water. . '“”‘_f N ___,q

B
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.5 = PROJECT COST sﬁﬁMARY'ANb'coﬁétusIoN

Total project costs incurred are" $508 600., The'eosts ineludeiree

source confirmation and development”.purchase and installation of transmission
and distribution facrlities, retrofit of heat exchangers to utilize geothermal
energy, and system testing. The State of California s portion of the costs

is $390 600, representing 76 8? of the total pro;ect costs. Table 9 presents

a summary ‘of pIOJECt ‘costs.

5.1 ProjeetedjﬂaturaiiGas'Savings;“*gl'

The obJective of this progect was to utilize 1ow—temperature geothermal
energy to- provide hedt for’ primary anaerobie digesters at the San Bernardino_
Wastewater Treatment Plant‘ ‘Peak heating ‘demand” for one digester is 1.5
million Btu's’ per hour. The annual everage ‘heat requirement 1s 500 000 Btu's
per hour. The average annual heat h0ur requirement is used to determine the
offset ‘of satural ‘gas usage. - ' ' ’

Based upon heating requirement for one full year the natural gas offset ‘

is- determlned as follows for one digester.- R R L

500 000 BtulHr 100 000 Btu's per therm X 8760 Houts" per year
+ 80% eff1c1ency of boiler = 54 ,750 therms of natural gas/year.

By 1986, two digesters will be heated with geothermal energy and the natural
gas. offset w1ll be 109 500 therms per year.; Capability ‘will be available to
heat by geothermal energy three of four digesters resulting in savings of 164,250
therms of natural gas ‘per year. '

5.2 Cost Compérison'of?Geothermal Ehérgy'totﬁatural Gas.

The direct eost of geothermal energy is substentlally lower ‘than the cost
of natural gas. (The cost of maintenance and repair has not been included for

s




2.

3.

IV?Resource Confirmation and DeVelopment~'f j‘,':

«hib)ffResource Developpent

Purchase and installation of transmission . =

 Testing - of SySten and’ repnrts “to’ tha‘****

TABLE 9

SUMMARY OF PROJECT COSTS =+ .. .o
... . FOR DIRECT USE OF GEOTHERMAL ENERGY -
_ AT TI-IE SAN BERNARDINO WASTEWATER{TREA’IMENT PLANT

(a) ResOurce Confirmation.-7 1 Lo
‘W5Development of drilling program,:
drilling and logging of four (4)

- thermal gradieut wells. e $§66;33f;05 '

. “Acquisition of Meeks and\ﬁaley
© 4L {66 Well and reequipping of
.  we1l '

facilities,ﬂretrofitruf«heatﬁexchangerf1.3f;ﬁfﬂ¢¥v€Afguus &£§176;7iA§0OﬁJb

California Energy CommissiOn ';:21835;00" a
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either the geothermal fac111t1es or the natural gas: boiler system.‘ 1f such
a comparieon were to be made, however, the geothermal system would be a 1ess:

4expen51ve system to maintain. e BT ) e ,,\,_;;

léost per4therm ot‘ueabieeéeothermaiienergitiéthaéed"upon:theJEoiiow{:i,m
ing: o ' R ) . -
;;' ;; Power costs to deliver one (1) ‘acre foot of water'. 1 023 X
TTW105 feet TDH X $ 07 per KWH * 704 effic1ency of pump %10, 74
- .per acre foot. This is a conservative calculation whlch asaures
;g;1oo percent use of the well pump.ﬁ In- fact, the natural artesian ,j

head 415 adequate for one digester for four months out of the year.;

. ,JAThermS per acre Eoot of geothermal water: . 43, 560 ft., (acre foot
"Vof water) x 62 4 pounds per ft.- x 14° F. (.A t)<— 100 000 Btu 8 ..,
,per_;therm = 380. 53 therms per acre foot. i This At_ is based upon ...
,taverage use. In fact, the usable heat, as shown Jon Table 7, d“.,,f
?can be as high as 17 F :

. PoWer cost per therm- $10 74 380 53 therms per acre. foot
= $ 0282 per therm.,_;_i_;w,g;-w

<, I S P

IR T

. Amortization of facilities based upon 43 800 therms per year' o
$ 20 per therm. Amortized cost per therm' is strictly stralghte |
‘line deprecletion Costs over the useful 1ife" of the fecilities to .
include wells well pumps, plpelines, and appurtenant facilitles.
The useful 11fe of the compOnents are- pumplng equipment u’iU

;years, pipellne - 35, years, well - 20 years.;{ '

. Total cost per therm $ 0282 $ 0395 (power cost) + $ 20 (amortization
:tcost) $ 2282 '

The current cost of natural gas from the Southern California Gas Company
: ia $ 72 per therm, or 3157 higher chan the cost per usable therm of geothermal
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energy. If electrical and natural gas costs escalate at the Same’ rate, the .
cost of geothermal energy becomes even more cost effective, Sane the power -
requitred to produce the geothermal heat represents ‘a small portion of the total
cost. From other studies, however, it is 11ke1y that natural gas prices will

escalate- faster than electrlcal prices.,j’*‘”””‘fl'

The total therms required to heat the digester w1th geothermal energy
" are 1éss than ‘the therms of natural gas due to the operating lossas of the .
b011er at 80/ eff1c1ency. Based upOn ‘an’ average annual hourly requirement of

500 ODO Btu s per hour per digester, it‘WlIl require 54 750 therms of natural

gas to provide the equivalent heat of ‘43, 800 therms of geothermal dlrect use
etiergy. S T o AR e R

The use of g othermal energy to'prov1de the annual heat requirements
for ome digester offsets the cost of $39 AZO\”f natural gas ‘based” upon today's
cost, and results 1n a éost savings £ $29 425. By 1986 additional geothermal

energy will bedused to-heat at 1easr ‘one additi wal anaerobic digester, ‘and
the cost savings will increase to $58 850 at 1983 prices. 1 natural gas .
costs rise as progected the savings will increase significantly.--

With two digesters being heated by geothermal energy, the\51mp1e pay back
1s 8.6 years for the tOtal project costs. ‘The pay back period will be re~
duced as natural gas prices continue to indreaSe.”

5;3“'édhéfd§iongjfT e TRl e R e

The utilization of iow temperature geothermal energy at ‘the’ San Bernardino
wagtewater Treatment Plant prov1des a working model to demonstrate the efficiency

and effectiveness of the nse of this reneWable energy resource. ‘

The resource conflrmatlon segment of this project praVides Sufficient data

showing a 1arge geothermal reSOurce that w1th proper management, can be utilized

g gt

- for a 1ong period of time.; o

Sy oLy P s ok o gh
NN R A e N O

3B



The results obtained from the ‘pr':'o‘j ect pro#ide impetus ‘for mote énd varied
uses of low temperature geo‘thermai .eﬁ'e'rgi with the- Se_{n'Bétnardiﬁo area. The
knowledge ‘gaiﬁed through this pr‘o'je& ,1w’ili\be invaluable in the neﬁt “step,
the creation of a geothermal district heating system, which will get underway
in September, 1983. )
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APPENDIX A

Stratigraphic and Geologic Data - Temperature Gradient Wells

Plate IT
Plate III
Plate IV
Flate V
Plate VI
Plate VII
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APPENDIX B
Concerning G No, 1.




| REF’UELJC GEOTHERMAL. INC..

H.” rAST SIAUSON AVB‘JUI'. BUMTE ONE™
RANTA F’I Sﬂﬁlﬂﬂl GMJFQHNIA m-m

TWX . 91CS88. 18868

Apeil 30, 1982

-

Mr. Joseph .‘?. stajakal PR '
San Bernardzno Munlcipal water Department
San Bernard;nc, Calz!ornia 92403 Lo

' Dear Jbev .

-'.

En:losed is n lithalcg1= sunnazy ci Well TGal.with :

(2 pas 3881

Republic s preliminary gealagic intarpretationa therafzrom.

This hole and a.‘LL cf the athers wi.'LJ. be reevaluatea after
equilibrated thermal graﬂxent_data have been acqu;red and

assessed. ) ,31

E:L.ase cau iﬁ yod have a.ny questions.

GWH:830

Lo

Enclosure e e

ce: E.
- DS
C.
P.
R.

W. Wellbaum
A. Campbell

E. Yazrter

F. Isselhardt -
P. ‘Parmentier



 REPUBLIC GEOTHEF{MAL, Ne, o

N\E N\CiR A.N DIJﬁA

T0: o ,/ A"G. ﬂ. :Huttre:'

FRAM: -'_i*":'*fP.jP. Pamentie: M

‘fLitholoqic Summa:v of Well rG-l

supsect: | €11 with Preliminary = -

i tho ibgz‘“

RS The litholoqv ‘of the’ io:matzons enccuntered 4n the ‘san
‘Bernardino Miunicipal Water District (SEMWD) well TG-l was
deternined by examinatzon of the drill cuttinqs cdllected at»;
10~ fnot interv;ls.ﬁ £ g

In well TG—Z)‘elect:iCrloqs‘were used ﬁo‘further define the i
interpreted lithology; however, in TG<1l no" self—potential or. re->;;¢.
sistivity log could be obtained in the open hole because of the- .
- sloughing of the rock formaticns.1 A ‘gamma ray ‘log and a prelimz- g
nary temperature survey were eventually run:in the cased hole, ‘and
~ the results of these surVeys are. described below. $$g.493 culal

;f—‘ [

. The formations gncauntered in TG-l were' baszcall? sxmiia: LTI
the ‘ocks encountared in TG-2, consisting of alternating layers’ of
silty elay, medium to very coarse sands, and medium to coarse tip S
‘gravel beds. The detailed description of the lithelogic units v - -
(Appendzx ) and the lithelogic column (Piqure l) show that: Sedx-'¢e~
ments in the upper 610 feet are intercalated gqray: 2N pink, medinm '
to coarse sands (mostly gqranitie-and lithie: f:aqments); gravel .. ;i i
‘beds (usually 10 to 20 teet thick). and silty clays 10 tn 20 faet o
thlck. : R Lo

The fo:mations encauntered below sln feet consist offdark
gray, medium to coarse ssands {loeally “fairly rich in clay).\and
one thick, silty clay layer. .The different sand layers below -
610 feet display reimarkable homogenous litholoqy and grain size. e
 Discrete horizons are up to 50 feet thiek, with one clay zone (730? e

to - 790 feet) that appea:s to be about 50 feet thick.i,h:uﬁu_uﬁkﬁ, p




Memorandum to G. W.;Huttrerﬁf%:ﬁf“”“““*‘ﬁ
April 27, 1982 Lol i
Page 2

9re11m1narv Integpretation and Comparison with the L;tholoqv of
“As-in TG—2, all the formatians encountered in TG-l apnear Lo -

be af Sedimentary oriqin.  The formations above a depth of

§10 feet in TG~l are interpreted to be Quaternary alluvium de=

posits. The formations below ‘this depth are tentatively assz@nedf7”4 ;

to the Tertiarv San Timoteo Formation, 'similar to those found in
TG-2 below 720 feet.  The Quaternary formations in TG-1 appear tokf
contain fewer clay layers and ‘to be somewhat thinner than in* Lt
T6-2. .This characteristic ¢ould be ‘significant in the centrel of
ground-water circulation, The formation below 610 feet in TG=1'
greaktly resembles that. entnuntered below 720 teet in TG-2. --The = .7
1l0«foot discrepancy. ef the elevation of the Quaternary/Tertiarv"*”i
boundary between the two wells will have to be considered when . .
developing an interpretation of ‘the structural role of the Loma
Linda fault. At this stage, however, additional data are needed

to ascertain the geometric,:three<dimension confiquration of the:
Loma Linda €aalt,..It is anticipated ‘that these data will- be Age e
qui:ed by arxilinq the nextﬁtwo the:mal qzadlent wells. e L

Gamta Razfnoqqinq af TG-l - ! S
A qamma ray log was’ run7to a depth of 737 feet in the cased -

portion of TG-1 on April 13,1982, The: amplitﬁde of khe reccrdedr~*
signals was fairlyrlow, probably due ‘to the thick cement zone . . »
which impeded the reception of the gamma ray signals.  The ob- -,
served variations.in. the gamma tay 'signature were confirmed by -
several’ repetitive runs,-and the 1lég will be tentatively inter- P
preted after a.similar gamma ray log is run’'in TG-2, in which qood
self-potential,’ resistivity.~1itholoqic, and temperature laqs are «aw
available.ﬂ:«,,* e RN RN : o

,Prel:minary Temoerature Survez s

A preliminary temperatu:e' urvey was run to a depth of approx-
imately 725 feet. . ‘AltHough the ‘neasured temperatures mest cer-ﬁﬁ~
tainly do not represent equilihratad falues, this prel;m;nary T
survey shows that the. temperature seems to ‘increase in the Tertia- :
ry rock formations, and this suggests  that the Tertiary/Quaternary
stratiqraphic boundary dees not play a hvdroloqic role as impor-
tant in TG-l as observed in- TG—Z.;~: , , .

.. 'The f£inal measurement of the tempereture in TG-l will show
‘equilibrated temparature values.; The data will eontribute ta -
" interpretation of the geometric confiquration of the Loma Linda
fault and ot its hydrolaqic a.qnzficance. '

 poEs sjorV

‘Attachment




0-20 Zfeet: . .

20-30 feet:
30-40 feet:
40-60 feet:

80-100 feet:

100-180 teet:

150-160

160-170

170-180

180-150
- 190-240

240-270""

270-300
300-310
310-330

3130-350 fest:

350-360
W'jaso-avo"

' 370-380
 380-390 £

3§éé¥;7ﬁ
‘f?éﬁifﬁ

geste T

‘feety
~ . “with subangular, Qravel*szze, 1ithic f:agments,

;4,and traces af ¢lay.i;&?;% Co e et €

feet:
féet:*
feet:

fé€f£i 
_£eet-V
ifeet¢ ;

‘feet:

wpink, coazse gravel.

chay, silty clay.iif?

fCoarse sand,
fto that 1ogged between lno~lso feet. -

fewt: |

_Pink, medium sind, well<dortsd, with subrounded
r,5£ragments nf mostly granitic arigin. -

Gray, silty czay.i:,m.ﬁﬁfﬁ

Jg}Pink, medium sand, mcderately SQ:teﬁ, with 5%
” grave1-size grains ana 5% mafic gra;ns.

Very coarse gravel with Subrounded lithzc zock“"
| fragmeﬂtS. e T T T IR A

?G:ay, medium sand, with 20% ma!ic subangular L
_,Agraxns, well-sorted, and locally 3% gtavel-size',‘_

1similar in 11tholag:c compositian

‘‘‘‘‘‘‘

iESample missing.;va‘ﬂupQ; |

7Grayish-p1nk, medium sand, well-sorted, lccallyWVﬁ*

CLayey, medxum to caarsefsand,hwe‘l-sorted. '

~Pink, g:avelly'medium sané, well-so:ted.

‘Sample missing.“, o

?ink. g:avelly medium sand, well~sa:ted.

:Me&ium to coarse gravel, pootly sorted, with
-mastly granitie lithzc £:agments._

Pink, medium sand, well-sorted.f"

fSandY, coarSe gravel, szmilar to 330-350 £eet.'7lf\:'

G:avelly, medium sand.;

7?Clayey, medium sand. :




190-460 £&

460-420 £

480-490 £
490-500
500-530 1

530-540
'540f550
550-580

580 GlU

610-660

660-690
690-730

730-770

770-730
790-820

: Pink, medium sand, posrly sorted, locally with

. dp ko 1l0% gravel-szze lzthic fragments.

feet:
feet:
feet:
feet

'feetzl

‘2 C1ayey, coarse’ sand, puorly sérted, w1th
;vgg:avel~size angula: lithic fragments. -

'-EW!ll-sorted medium sand., P
' clayey, meﬂ;um tc coa:se sand.

.. Pink, medium sand; moda:ately sorted, with sy
r[ffmafic gra;ns.a;'au,

Medium gravel with snbangula: 1ithic fragments;:v

lwell-sorted medium sand.f3}w

5C1ayey, pmnk, medzum sand, moderately sorted.;&n;
fGray, silty clay. »ﬁul%?*“~ R

Dark gray, coarse sand, slzghtly clayey, mod= -
erataly sorted with: subanqular grains, domz-

"i;nantly mafic grains.g

feet:
o elay and dcminant mafic grains.<

fagt:

feet:

feétf?i

£eeti

,B:own, silty clay

Same Goarse sand as’ 610~eso £eet. wzth nore

“park gray, clayey, mediuh sand;’ well-scrted,- o
‘with pzeéominantly mafic g:ains._wﬁ' TR

fﬁaxk gray, silty clay.u.ﬂy;_wqﬁ,k,ﬁ, g e et

‘ park gray, medium sand. well¢90tted, with sub~ .-
. .angular lithic fragments of granitic and -
: schistcse ccmposition.i;w;_ﬂ B

£ = ‘VJ,‘ P

-

St



FfGURE 1

SAN BERNAHDINO MUNIC!PAL WATER DlSTHICT -
TEMPERATURE GRAD!ENT/OBSEHVAT!ON WELL TG # 1

U‘THOLQGIC COLUMN

4 ALLUVIUM

CLAYEY
$AND

Gty "
SAND SAN ;
T'IMOTEO FM.,

GRAVEL'

' SAMPLE
MISSING -




APPENDIX C .

Data Concerning TG No. 2




FQEH=LJEBLJC: CEE:CDTW*UEF?ﬁﬁ!\L. IPQC:
11833 ZAST SLAUSON AVENUE
| | m.« Pt s-nmes a.uronwu. oce7a
] TWX.91C.2881656 : ~ a ‘ ‘ | K . (213)‘91‘4!'-3’;‘5‘31 :
’ . aprii's, 1982

Mr, Joseph- Stejskal -

. City of Ssan: Berna:dina Water Dep’ tment
300 North D Street . ' :
San Bernardino, California 92401

Dear Joe-

AttachEdvif'fg? ur info on, is-a memotandun telated to5;,
our preliminary interpretation of data frcm Tc—z - Please call
if yvou have any quest;ons.,,fyy T T K o

fﬁGWE sjo :
gAttaéhments



REPUBL!C GEOTHERMAL iNC

ME N\C’R A N DlJAA

res G. #. Huttr“ o ”“;’;‘*i]\~ . April 5, 1982
FROM: fP. P Parmentier @-——ﬂ-‘? ? ‘

SUBJECT': ) 'I.itholog:.c Summary of Well TG-Z with Prelminary
>Geologic Interpretation T ey 8T

Liéhelegg“

The 1ithology of the formetions encountered in the San Bernar-,
dino Municipal Water District (SBMWD) well TG-2 were determined by
examination of the Qdrill: cuttings collected at l0-foot intervals,
The lithologic secuence is ‘Ffurther ‘defined by the open-hole elec-
tric legs which will be described later.,

~ The formations encountered in TG-Z consist princlpally of suc-
cessive alternating layers of silty clay, medium to very coarse
sand, and medium to coarse gravel beds. . The detailed" description
of the lithologic units (Appendix A) -and ‘the lithologlc column
(Pigure 1) show that sediments in the upper 700 feet consist of
alternating silty clay zones, locally fairly thick at depths of -

- 340-430 feet, 600-620 feet, and 6§80-700 feet; medium to coarse ‘sand

zones with grains of diverse- lzthologic origin and gravels, locally
fairly thick at depths of 120-240 feet, 430 to 460 feet, and 660 =0
680 feet, The formations encountered below 700 feet consist of
intercalated very coarse sands and clay layers. The different sand
layers display remarkably homogeneous lithelogy and grain size, .
with thicknesses- up to 90 feet, and the clay ‘zones appear to be up
to 60 feet’ thzck. ‘ B

Prellmlnar ;Interoretatiohﬁfgi1Labi~n‘f o

;}All;bffthe'formations encountered in TG-2 appear to be of sedi-
mentary otigin. . The formations above 720 feet are interpreted to
be Quaternary alluvium deposits. :The formations below this depth
are tentatively assigned to the San Timoteo formation of ‘Tertiary .
to Quaternary age, the nearest outcrops of which are approximately
three miles south of TG-2, _ .



e PPP sjo I R R
fAttachment

Memorandum'to'c.‘ﬁ;wsﬁrtref“*?lfT??%i
April 5, 1982 - ‘
Page 2 '

The San Tlmoteo rocks seen{in the outcrop comprise 1ayers of
mostly unconsolidated sand and gravel, a few inches to several feet

thick, with local 8ilt and ¢lay interbeds. In ocutcrops located
‘near the San Jacinto fault;these: formatlons dip steeply in -tight

folds and fault blocks.  The: ‘homogenity ¢f the lithology observed
from about 700 .feet to ‘total depth in 'TG-2 suggests that the forma-

tions may Have been penetrated diagonally, showing apparent bed

thicknesses that are much greater than actual thickness values, It
is ‘possible that sharp bending of these rocks near thes Loma Linda
fault zone may be partzally responsible for thei'aquatard' effect
of the fault zone. : .

The unconfotmableucontact between the upper, _more- recent sedi-
ments and the lower San Timoteo formation has tentatively been set
at about 720 feet. The effect of this boundary ofh the local hydro-
thermal eirculation may later be" obSetved in the temperatﬁre pro- :
£ile of ‘the well.e~¢~;, f . , ‘

Electric’ Logging of TG—2f~‘

Twe sxmultaneous electric logs {Self Potential ana Resistivity)

© ware run in TG-2 on March 30, 1982, before cementing of the 2-3/8"

tubing. Due to- time constraiﬁts, ‘N6 gamma ray log was run, but the

'SP and resistivity log will provide sufficient informaticén for

correlation wlth other wells and for £uture perforatzon of this

well.

Althoagh the 8P loq does not’have strong character and appears
looally to be "reversed,” it reflects adequately the results of the
resistivity log, which defines fairly precisely the alternating

-clay, sand, and gravel layers. The lithology that can be inter-

preted from the electrical log corresponds fairly well with the.
lithology described from the"cuttings, and it additionally defines
some minor lithologiciunits within: the broader lztholoqic layers
desctibed from the geology. ~ o L J

The SP variations’ observed below a depth of about 730 feet
appear to be less distinct thanithe" thosé observed at shallower
depths. This could be due ‘to the fact that the San Timoteo forma-
tion lithologic boundaries may be dipping at fairly high angles,
thereby minimizing changes 'in the signature ¢f the 8P curve in that
unit. Our belief that a stratigraph:c boundary exists at approxi-
mately 700 feet is supported by this change in character in the

\electric logs.f




0=-50 ,'~~féet.' M edium-g:ained sand with angular grains
g - of ‘quartz, feldspars, and lithic'
- f:agments.. f SR

o 15041207 7 fee ;”*3fCoarseisand with varyzng proport:on of
A 7. .medium-grained sand ‘with® ‘similar grain o
w@jcompositiOn as:0-30 foot depth interval;"

;Gravel with varying proportion of 5
.coarse sand, with ‘angular to’ subangular

5tlithic fragments; ;,;,

“Very coarse sand with both. liehie
wf:agments and mineral grains.gyﬁ5ﬁ,@~

240

»~‘270;§3b“”‘“'“”“*V-\Medium—grained sana'wlth m;no: amounts 5;

T Coa:se sand with’varlous amounts of
- elay and g:avel-size grains of- granit1c~,
- mineral composxtion and lithic = o
gf:agments.,, , )

71.1310:i36fﬁ«"”;&‘ G:ay, silty 1ay of‘faitly constant
T litholagy" 2ad S oh

-f#;a;?tﬁk ‘:‘uifﬂ? GfEVEIp Withxmino: amounts of sand andﬁ;:i

460-510  fe '~¥¢Very coarse. sana with winor claY, B
R simzlar to: 230-340 feet._

7 Asilty clay 3
- 520-540

nedium-grained sana,\simila _ i
interval: 280—340 feet.1~w;,‘;;iﬂ,%wggf,;,%

ﬁxo§46435d‘ fﬁéét‘ftu,arown, silty clay i;\wlhéék . . e

g .\Edium "rained sand with ap roxzmatelyf; L
o . ‘70% mafic grains.‘ _ | .
660-€80 j:fett,‘~ ‘Coa:Se gravel oonsisting of lxth;c

~-grains of ‘feldspars,’ ouartz, and mafic oL



| 680-700

710-720 43gget4_,;;a:own, szlty clay

720- 760?f§f&é£v§l ﬁMedium-grazned sand with- various
760780
780-850

850-860

870-880 1
880-900

900=560 ' 1 fe

9604io3b7;f;§£¥:£1Very ‘coarse sand with large propottion

1030-1060

1060-1100 .
1100-1110 ' feet -
1110-1160 . 1

1160-1250"

1250-1280
1280~1370 -

. feet

‘ fg@ii
rfééiﬁf,i

»fee;;L“ M3rown, szlty clay.kgfgg
7oo¢71055” 

,.T:?Hedium-gralned Sand, simlla: ta
‘jiinte:val 620—660 feet. o

L amounts of elay and miner’ amounts of
‘white chalk grains.‘l

%fé&%ﬁf réna:k gray, silty clay.

‘ffé;§5i~ggVery :oa:se sand with 5% gfavel

f ?§é£{§ -éarown, siley elay,

860-870 'ifégéﬁfi‘c&éfy‘cééf§e~sénd;.similit'to-inﬁerval

?éet \?Brown, silty clay. .

:Ifﬁééﬁig‘ Very coarse $4nd, similar 05 interval

720-760 feet.

Varownish gray, silty clay.4 L

*(25%) of pink K-feldspar grains.

f?étfﬁii;vtry coarse sand with numerous mafie

;grains and minor amuunts of biotite .

f“Gr=Yr silty clay. _;.W

*;vgry coarse sand, . simmlaf'té 1n£érial
5e1030-1nso feet., ' '

érarown ke dark gray; silty clay.«

ﬂijVery cnarse sand with subangular grains
- having (10% pink - ‘grains, 20% white

.. grains, 20% ‘greenish gray grains, 20%

. gray. grains, and 10% black, mafic :

w“g:ains. ‘

Efnerk gray, silty clay.

H;Very coarse sand, ‘Same as 1150-1250"‘7
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MEQ Josaph ?. Stejskal : :
San Bernardlno Munzcipal Water Department
3an Bernardino. California 92403

'-_Dear Joe. i«ﬂw‘k,‘

Enclcsed is”aur sumnary epart concernzng “G-4A.?ﬁi:£hink‘
“that the document: is’ seif-explanatory, but don € hesitate to
”call i£ you have questzans.~ : .

We are cu:rently writing a report that discusses all of
the thermal-gradient wells, their geolcgy,,thezr ‘thermal .
.. aspects,rand ‘the -overall scesario.” We will, in-this. repcrt.
.be recommending, prioritizing, and justifying one .or more
‘ialternatzvn sites fcr the productzcn wall.”g‘m i

: ;fPrbject Ma”{ge: R
GWE:sgije
Enclasure

2. w. Wellbaum -«

. . '.f J. R. Stites it

| ' Dv-A. Campbell” .-
' .C. P. Isselhardt -
-~ Re E. Yazter ‘-
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 MEMORANDUM

JEE

10: G. W. Huttrer |  may 20, 1982
FROM:  C.. F. Isselhardt t’fJ | |
SQEJﬂﬁf*,=L1thologic and Tenperature Data Summary of Gradzent Hcl:-
TG-42 L L R T
Lithology = o e \Aéﬁ};?;ﬁ:ﬂ‘wiaﬁiff”ﬁ B

The nature of the sedimerits penetrated by wall TG=4A was deter-
mined By visual examination of the drill cuttings collectad at
10~foot intervals in a- manner . similar 4o that applied to wells
TG-~2, TG=1l, and TG=~5A. .Both gamma ray and SP-resistivity logs. ware
run in the open hole interval (230-1 500 feet) to’ enhancs litho=
logie interpretatian.- , .

The litholbgy encountered 13 baaicnlly the sane’ as that ‘Round
in TG-1l, TG=2, and TG-5A and is composed predominantly of- inter-
calated béds of unconsclidated coarse to very: coarse-grained ‘sands
and pebbly sands. nedium~grained .gravels, /and sandy to silty ¢lays
{(Figure 1)}. In this hole, however, the gamma ray and SP logs show
that a few sands are up to 45 feet .thick. 7The lithology, as ianter-
preted from cuttings, does not always agree well with intarpreta~
tions made from electric logs, espeécially in the bottom 150 feet of
the hole where the cuttings' :samples (Appendiz A - Sample Descrip-
tions) are all clay and where the logs indicate sand predominat-
ing. The probable explanation for this discrepancy is that the
cuttings’ samples were not taken at the proper time.‘ .

THe contact between. the Quaternary alluvium and the .ert;ary
San Timoteo Formation- is placed at 620 feet based on the marked
increase in dark lithic fragments ¢f schist and gneéigs 'in the sands
and gravels at that pcznt.. The E-logs, however, show no noticeable
change in this area. 'As in the other walls, the sands of the San
Timoteo Formation appear to be better sorted than theose in the
Quaternary alluvium. On the electric logs, particularly the $P,
there appears to be more sand between 740 feet and 1,500 feet than
in the interval from the ground surface to 740 Zfeet.




Memorandum to G. W. Huttrer
May 20, ls82 '
Page 2

Preliminary: Interpzetaticn and Comnariscn uith Other Wells

Well: Ga4h is thé deepest'fclecd::llea to date (l SOD feet)
As in the other three: ‘holes, the units penetrated are unccn:oli-*”
dated-auaterﬁary alluvial sediments and eclays, sands, and gravels
assigned to the Tertiary San Timotec Fermation. Although 2G6-4A is
only about 200 feet from TG-l, the lithologic ssquences differ =
somewhat, reflecting the Santa Ana River thannel=-type (ccmplezly
braided) sedimentary envzronment. S

The structural and tamperature data gleared from th:s well have
added to our knowledge ccnsiderably, But they are puzzling in some
respects. Of especial interest is the fact that while the top of
the San Timoteo Formation dips generally to the west, the maximum
temperature isotherms dip to the southe-southeast. This may reflect
the effect of structural control on the hydrothermal system that
apparently cuts acrcss st:atigraph;c bcundazias.,

logging of TG—4A

Well TG~4A was lagged with a differant inst:ument than that
used ifi the other wells, and we were, therefore, able to get high
quality gamma ray and SP-resistivity logs. These logs provided
“excellent sand-shale discrimination and show some interesting
apparent SP reversals in several portions of the well (particularly
the last 200+ feet). These reversals may, if they are real, be due
to changes in water salinity that, in turn, aay be related to tem=
perature changes in the grcund water. , :

Preliminary ;emne:ature Survey

A preliminary temperntu:a survay was run to a depth of 1,300
feet on May 13, 1982, about six days after completion of the well
{Figure 2). The temperature probe was unable to go below 1,300
feet (tubing was run to 1,495 feet), prcbably‘&ue to residual
cement in the tubinq.

This temneratu:e prof;le, :hcugh not completely equilzbrated
indicates very clearly the convective and maximum temperature zone
that extends from about 780 to 875 feet. The top of this zone
coincides closoly with ‘the top of the aquifer in well TG=5A (775
feet), although it is not 2as thick and has a higher temperature
(49°C versus 45°C). - A final temperature survey will be conducted .
on May 12, 1982, but neither the temperature gradient profile nor

the absolute temperaturss are expec ed to change significaatly.
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APPENDIX A

HELL TG-4A
SAMPLE DESCRIPTIONS

S dsand-plnk-white-llght gray.; coarse to very -
e -cosrse, Angular, undonsolidated, well-sorted,
- arkosie, with ‘pink K-feldspars and some dark

‘gray rock £ragnents-<;_ﬁ' s S AT

'ngﬁfih?iSand-as above, prenominantly very coazse— N

'rgrained. f~

,fSandoas abova, wzth 15% gravel,,predominantly
‘rdark gray rack fzagments.

i,SAnd-as abov&, with 5-10% gravel.i

ﬁs;aa-as abave. cca:se-gra:nad, well¢sorted,«
,ﬁonly trace gravel._%‘;; ;

<{c1ay~medium gray. 50£t, with 5% sand. ‘

?sana-multicnlorcd, as abcvg, wi.h 5% gray clay,
| rare gravel. g e :

szavel-multicciared.~as”ahcve, angula:-
vsubangular, uith ic% gray alay.

5Sand-as abcva, medium- to ccarse—g:ained, with
20% gravel, na clay.,éhggh

?sand-as above, cﬁaxsa to very coarse,,with
- 15-20% gravel '

lﬁéﬁt ; ;°Sample nisaing:;Vgﬂ_iw*ﬂATi

gSand-as abova, ﬁiﬁiﬁﬁ4”£57édafsé-§réihéd,fwiﬁh
15~20% gravel. ,ﬂ . T o

‘“sand-ﬁﬁ above, with 30% gr‘V‘l'ff~“7

?éGravel-well sarted, 1/2' dianeter, trace sand.

. ;QSand-unconsolidatad, mult:colcreﬂ, med;um— tof‘
;@coarse-graznud. with 15-20% 1/4“ gravel.~

" sand-as above, becoming coarse to Ver coarse,
omith . 30-40% graval. . “

i;Sand-as abcve,\coa:se—grained. wall-so:ted,.;?w.g«
4amﬁangular. wzth 13 gray clay. . .

;gc1aybbrcwnish gray,‘soft, Hith 20% coarsa Sandr
oy A8 BADOVEL T o ‘




440<460

470-480

4304;§67-a
4904500

500-550
550560

560620

620-660

660-680 " “Feet

680=710

710-760

760-780
780-830

§30-840  feet .

840-850
850-860
- 860-870
‘7éiciééaf1”

880-890

- fdet
feet!

‘feet

feet

Cteat

feer -

feet

,GraVelamulticnlored. angular, uncansol;dated
‘with 20% ccarse sand. 12 ‘ S

feet

iﬁClay—lzght brown. soft, wzth 10% ‘coarse sand )
and gravel.y ;. % ,

3f5and-very coarse;l

ith 10-15% gfavelfand[26$=
qgclay, as above. ¥ ' et I

taatf» ;.sand-as above;*“ith 5% clay

ESand-medlum-4to cna:se-gra;ned, multicolc:ed,
~ with 5% gravel,, ' , s .

fe&fgf%%°C1ay-light hrcwn, soft,lw:th trace -Si ‘sand .

ngand-coazse to ve:y'cdarse-graxned.~-
. well-sorted, multicolored, with pink ot
M'}a;xéfeldspars, as -above, with tracu gravel.‘

e«tlay-light brown, saft, kith trace~«fnw E‘sand.:

; ;iSand-unconsolidated. mult;colored but darker
. gray overall, marked increase in dark gray tock
. fragments (San Timotet Fofmation), medium=-
wcnarse grained, with. trace gravel.

iSand-as abcva~ with;slight inc:easa in pink
‘feldspar fragments and tracz - 5% clay.wg»smi

f75c1ay*nedium gray; Scft.‘w‘th 5% sand.

“‘aClayey sand-nulticalcrad, w1th abundant dark
- .gray rock fragments, unconsolidated, coarsa to
.- Nery cnarsa,;angular sand with 20-30% gray elay.

‘?c1ay~brcwnislwgray. soft,‘yith <5% Slﬂd-{&ﬁ;ﬁ"

féétﬂfg éSandy clay-gray to brown gray. with 45! sand..
L ,ggcbazse to Very ccarsn.-'“ ,

3Sand-unconsolidatad. anguiar, mode:ately well--
; sorted, .coarse:to very coarse sand, as abcvc,
T{w:th 10% gray. clay. . L P

1$andy claberownzsh gray clay wzth 30-40%
eoarse sand.cg»,, » . e b

f?C1ay~light zon »jla? "1=h”=ra°‘ sand.,"

" above, with 5 0% brownasn gray. clay.

?Sand-as abava, ac clay.--~‘

"”‘Nb sample,i

Sand-coarse to very coarse unconsslidated, as

2wl



890-940

940-980

980~1000 -
1000-1040"

1040-1070

1070-1090

1090-1120

1120-1130

1130-1150

115Q0-1210

1210-1240

1240-1250
1250-1280

1280-12%0

1250-1330

1330-1350
1350-1500

feet

feat

feont
feet -
feet
feet
feet -

feet

feet

feet

feat

feet
feet -
feet

feat

fest

femt
T.D.

‘ Pebb1y sand-ns above,‘very cca:se, with 10-15%
'pebbles or f;ne gravel. o

" Sand-multicolored, light to dark gray,,angular,

coarse to very coarse, well-sorted, as above,

_with trace = S% gray clay, no pebbles.

f~c1ayey sand-sand, as above, with 15-20% gray
- elay. .

L Sand-multicaloraa. as abcve, no clay. tzace
'pebbles. ‘

,c1ay-light brownzsh gray, soft, witn t:a:e sand.

Sand-as above, well-so:ted, with 10 15% clay.

'VC1ayulight brownish gray..

. Sandy clay-clay as above, with 20% sand,
a‘coarse, well-scrted -84 abova.

*Clayey sand-sand as above, ‘with 20—30% clay, as -
- above. ‘ ‘

- sandy clayulight browhish’ gray soft clay, with
~ 5=-10% sand, as above, sand increases with depth

. Bp to 20% at 1180 teet, then deﬁrnases to 5% tc
©1210 feet.

;]Sand-light to dark g:ay. nulticclozed.
{abundant dark gray zrock fragments) moderately
' well-sortud.,angular.‘unccnsolidated ‘

-¢-clay6brawuish gray clay, satt, wzth 5% sand.

,f*sand—predcmznantly aark gray rock £ragments, as
- above. ,

VSandy clayaas above,’with 1308 sand.

TCIayey sand—sand as above,fwith 20-30% gray

clay, as abovn.’f

Sandy v:lay-»g:-ay ‘elay, as aﬁove. with 20% sand.

‘ _clay-as above, gray tc btcwnish gray. with 5%
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Enclcsed ig a short. p:élzminary summary af'soma phyaical‘
aspects of well TG-5A.. This document has been prepared in the
same format as that used to describe wells TC=-1 and TG=2. We

- plan, of course, .to in:egrate data £rom all the temperature Q5t”ﬁf‘

gradient wells’ pridr o recommen&ing 8- 1bcation for the pro—
ductzou well‘ » R R , e , i

GWH:sjo

. Wellbaum
. Campbell °
Isselhardt =
Parment;ér“
Yarter L




* REPUBLIC GEOTHERMAL, INC.

MEMORANDUM.

TO: 6. Huttrer ‘ o ’jgtl,:fr. Qj{ff:ﬁﬁ§;3;*1982.3”, 33¥

FROM: V'C E‘. Issel‘hardt 42’.‘1

sugjecfg' Lithalog;c Summary cf Gra&zeut Héle TG-SA 7};ﬁ

*iiﬁﬁdlch

The stratlgraphzcnsecuence enccunterea in the San Bernardino
Municipal Water District (SBMWD) well TG-SA was determined by
visual exan:natzcn af the dr;ll :uttzngs ccllected at lo-foot in-ﬂi
tervals.;” : g \ _ Lo e e oo

A gamma ray log wa's Fun in- this well in the open hcle to fur-:
ther define and assist in the’lithelégic 1nter=retaticn.< JThe @~
litholcgic sequence encduntered in this hole is essentially the-
same as that found in TG-1 and TG~2, composed predominantly of thin
(2 to 10 feet) altarnating 'beds of uAconsolidated, mediup- to very -
coarse-grained sands and pebbly sands, medium- to cbarse-grained
gravels, and sandy to silty clays. Although the lithologic de~
scriptions (Appendixz A) and ‘the stratigraphic column (Figure 1)
indicate some of the sands, gzavels, 2nd glays to be relatively
thiék units, the gamma ray log shows them te be thinner and inter-
calated. This discrepancy may be ‘attributed to the zelatively
large sampling intarval and the probability that some sanples have
not been takgn at the prbper zntervals.<ﬂya

A€ in the’ other wells drzllea to date..tne sedinpents in Ehe‘*ff
Quaternary section {(above 600 feet: in TG-35A) consist predcmznantly
of unconsclidated saady gravels, “carse pebbly sands, and siley
clays with varying amounts of sand and gravel mixed in, The: sands'
and gravels are generally multicolered {pink-white<gray) and are
composed principally of g:anitlc roc¢k £ragments and pink potassium
feldspar crystals with mincr dark lithic fragments. :Bed thickness
is- nzghly variable. oased cn sample examznaticn. ST

, Below 600 feet the un;ts are darker gray in anpearan:e. and the
percentage of dark lithic agnents cf schist and gneiss are zmuch
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s Lk

higher. Th:s is~ lnterpreted to 1ndicate thet the well has pene-
trated the San Timoteo Formaticn.. .The sands appeer +5 be more -
"unifornly sorted, and the clay contant Yenerally increases, . -

" Several of the units are rich in pink feldspar and granitic rock
‘fragments, making selection of the precise San Timoteo Formaticn®
contact difficult. Several discrete sand units in the San Timoteo
Formation appear to be 100 feet or more thick in the lower part of
the hole, although the ¢camma ray log indicates ‘the existence of
numerous thin shale breaks..

preliminarv Taterpretation and Cotiparisen with Othef Wells

As with T6=1 and TG-Z all ‘the units penetrated in TG-5A are
sedinentary in nature. “he lithology above 600 feet iz interpreted
tc be Quaternary alluvial depcsits, while the units below this
depth are guestiomably San Timoteo Formation, a Tertiary sedimen-
tary unit of sands, clays, and conglomerates similar to the over-
lying elluvium. -

The contact of ‘the San Tincteo Fcrmetion is picked at alnost .
the same depth as in TG=1l and provides anbther datum peiat for
Suture structural interpretation.,”“ . , ,

Loeging of ﬂ"G-»E‘:Ik

. TG=5A was suétessfully logged with the gamma fay tool in .the
open hole interval 240 feet to 1,400 fesat, providing a good quality
log with excellent sand/shale diseriminatiocn.. An SP-resistivity
log was also run from 240 feet to 475 feet: unfortunately, the toel:
failed at that point, and we were unable to conduct any furthe:
logging opezatians..

Prelimimary Temperatura Survey ,f”’

On Monday, April 26, 1582, a prel:mlnery tenpe:ature survey was
run in TG-5A to a depth of 1,335 feet, four days after completioa.
- Although the temperetu:es measured are not completely eduilibrated,
the shape of the profile (Figure 2) indicates the zone of convec—
‘tive flow and maximum temperature. It appears that this well 4id
not penetrate the Loma Linda fault which is estimated to be below
2,000 faset at this location. f

The zone between 778 feet aae'gso feet eppeers to’b- an equi‘er ‘.
- econtaining water at 45°C, based on the temperature profile. A ~ o -
. #ipal temperature survey will show the equilibrated temgeratures
- but should not change the prof:le signzficannly. It is probable
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APPENDIX A

et Litholcgic Descrzptzcn cf Hole TG-SA

0-10 feet ﬁﬁiSilty. sandy gravel - tan, ‘with up to 1*
‘diageter pebbles in fine, silty. micaceaus sand
?natzzx, unccnsalzdated. R

| 10=20 feet Unccnsolidated sand - feldspathlc.b, « .
.., coarse-grained, . pink-tan, ‘angular with' mica.

| §0—401£eét34”'6ravgl - unccnselzaa ed, 1/8'—1/4' diameter.'"
poE *‘j;fwhzte, ‘to dark gray, to pink aagular-subraunded
'“’juith mafzc rock fragments.u_w%‘ R ,

40-80 feetf f”s;lty clay - light brcwn. Sllty with 10% gravel
_ as above, micacecus. - ' y o,

‘,.y.«"\

.80-100 feet .?“'-‘-Unconscndated sand - multicclcred pink-dazk )
_ . gray, angular-subangular, very coarse sand to -
{gafina gravel.; 5-20% dark rock fragments.‘

100-170 faet -Gravelly sand - Cas abave, but gettzng coarser £0
., mediun szze gravels.:z_: 7 ‘

170-180 feet . . Gravelly clay = medium-gray clay. with 20-30%
o '.‘$sand and graval as. abovauvlhr :

150~200 faeet ' ”*Unecnsal;dateﬁ gravel - multicalcred.«
) >Mwaagular-subaagular. with 10—15% coarse
*7unconsolidated sand.(w~~ e

200-210 feet ;Unccnsolzdatad gravel - with 20-25% sand and’ 5%
gray clay. ' ‘ e

210-220{féééilffW6od fiver materzal - with &cme sand and clay,
T Hpossibly redwocd.‘szaa, ‘

f' P

220“280'f2¢tf;¢@UnCOnSGlldated sandy gravel —~as in 190-200 feef
S -7 with 40% coarse ‘sand, ‘ ‘

280~290 feet %;”G:avul - unconsclzdated, noorly sors ed.,
”/'”nulticalo:ed, subrcund-angular. 30% plnk
o ,1feldspar.,mﬁa@w\ ' ‘_ T
290-310 feet Sandy g-avel - as" &bcve, with 50% coarse to very
‘ ,mcoarse sand wlth pink feldspar and g‘anztic rock
u o ’ agnents o ey SR . ‘
310-330 feet Clay - annish gray, wi h 10-15% sand and graval.

330;§30‘§ééE”fYVCIay - &3 above, with 40% coarse’ sand.



340-350

350-380
386400 £

400-410 £
410-440 ¢

sa0-870"

470-500

5oﬁi;%6J_,,¢xﬁ
~S:o=§§6ﬁ%eééffffcravel -imﬁlticolared;‘angulﬁé-subzounded,  “ﬂm
53d¥§€dﬁf§2¥i'7j3and - medium cca:se‘grazn, ﬁi;kzgh gray;
555;5301
£30-600
£00-620

620-630 -

630-650

€50-680

680-690 .

fgeéﬁ‘éﬁftlay - gray. sait, nc sand.;_“ﬂ;

feet .

feati.

feet .-

faet fGrivélly sand < phiticolored; predominantly-
) -ygtanltic, subrcunded-angular. unccnsclldated
;ﬁﬁwzth 20% gray ¢lay, poorly sorted

:eetTVQFClay - gray to tan as above, wzth 30 50% angular

ﬁliszavelly 3and - as at'340-350 feet, w1;h 20—25%

' with‘lc-lS% tan clay.

Gravel -:with some very ‘coarse sand as’ above,r
ﬂwangular-subangﬁlar, wzth 10% clay.,.

feéi’ffJGrAVel - as above. w:th no clay.,, PN
o aja\wsubrcund—angula:“' U ‘

ifeitllf$fcravel -.as abcve,‘wzth 10% Very ccarse sana and‘

¢Clay -Vmedium brown;

_ B aseia;%asaaws¥ o
'zfzne-mediun sand. e e

‘fvvuncansolzdated-‘.-;g;

T i

Tqangular-subangular“Hgll sortéd, with 5-10% élay.

j’-4,"5!::.‘1.:;:{ o gray tartann shi

Bl '§§&Yffpla3tic, with

'féét\: ;Gravel - angular-subangular, unccnsolidated,

“,u,;gpredomznantly dark’ gray schzstosa or gne;ssic
. rock 2fagnents.r~- ; ,

ieeﬁfg@fc1ay - light brawn~gray brown, wzth 40% ccarse

‘c1ay~ medzum tc—daxk g.ay,

. i@ﬂ?oﬁiy'a*trace»bf
Vfine sand., S Cowe e BT

, ”Ccarse pebbly sand -“light‘to"dark gray. -
“ i uneonsolidated, angular-subangula sz.h 10 15%
~“dark gray clay..@_,£5_mﬁ;}‘y _Fi% SN :

%ééi ,  a:se sand -#as abcve; wzth less bebbles and
: fiaffcnly ar t.ace cf clay .

PR



900-730

730-740

740-780"
780=-790

790=810

810=820

820-850

850-940

940-960

960-1020

1020-1030
1030-1040
1040-1100

1100~1300

1300~1340

1340-1400
1400«1410

feet

feet

feat

‘feét_“
feet

feet
. well sorted, w:th 10% clay.

feet

Sept

feet

feet

teﬁt'

fset

feet
Loet

Leet
faet -

fmet

,7sand. i

‘gECdarse ‘sand
*angular-subangular, with some pebbles and 5%
‘clay.' ,

_‘Sahd?‘

. Sand ~ as‘
'@pebbly. t:ace to 5% clay..

Clay = brcwnzsh gray. soft. with 5-10% medium

sclidated. pink tc dark ¢ray,

nedzum-cca‘se grazned as above,lno clay.'

“Clayey sand -2s above. with 40-50% Brownish
~ gray ¢lay.}.,é_

fClayey sand - as above, wzth 10-25% clay

3and - medzum to coarse grazn, unccnsclzdated.

fleebbly sand - ‘as above, multicolored, generally
lighter colored with abundant pink feldspars,
‘net as: well sortad. o ‘

. Sand = moderateiy scrted sand. uncnnsalzdated,
: w1th 10—20% clay. . R

‘1ight brcwn. wzth lo-lsaffzne-medium sand.,

Sand --unccnsolldated, ccarse grained,

ffmulticolored, plnk+dark gray, pebbly,
';angular—subangular. with 5 lO% clay.

 sand - as ibove. with 30*40% clay.

1Sand - asrabove, with 10% clay, mcre pebbly.

buve. madzum-coarse grained ‘less

- Sand - ‘ine—medium-coarse. moqe—ately sortea as’
‘above, no clay, some pebbles.,;f<,;

sand - as abcve;? ith's-loa clay..

}Sana - as above, with 10-30% clay.«

fczay - brawnish gray. with 20-30%" sand as above.
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‘ fIGURE 2 o
'SAN BERNARDING MUNICIPAL WATER DISTRIET
TEMPERATURE GRADIENT/OBSERVATION WELL-TG # 54
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